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Background. Measles outbreaks have become increasingly common due to deteriorating vaccination rates, fluctuating herd 
immunity, and varying antibody decline. Limited knowledge exists regarding prevalence and risk factors associated with measles 
seronegativity among persons with HIV (PWH).

Methods. This was a cross-sectional study conducted at an academic HIV clinic in Omaha, Nebraska. Participants were screened 
for the presence of measles IgG antibody. Demographic and clinical information was obtained through electronic medical record 
review. Simple and multivariable logistic regressions were performed to identify risk factors for measles seronegativity.

Results. Three hundred fifty-one participants were enrolled, with a measles seroprevalence rate of 70.3%. The mean age (range) 
was 48 (20–74) years, 77% were male, and 53% were Caucasian. The mean CD4 nadir (range) was 334 (1–1675) cells/mm3. At 
the time of testing, 86% and 87% of the seronegative and seropositive participants had an HIV RNA <50 copies/mL, respectively. 
Younger age was significantly associated with measles seronegativity (P = .003), as was birth year after 1957 (P = .021). Prior history 
of measles infection was associated with seropositivity (P = .011). All other risk factors evaluated, including written documentation 
of adequate vaccination, were not associated with seronegativity.

Conclusions. Our study demonstrates a measles seroprevalence rate that is remarkably lower than previously reported in PWH 
(92%), and, more importantly, is considerably lower than the rate needed to maintain herd immunity (95%). With higher than ex-
pected seronegativity and absence of notable risk factors aside from age, our findings support expanded measles immunity screening 
for PWH who are at risk of measles exposure.

Keywords. immunity; HIV; measles; seroprevalence.

Measles outbreaks continue to occur year after year in the 
United States, even after the disease was declared eliminated in 
the year 2000. In 2019, there were 1282 cases in 31 different 
states, the highest number of cases seen since 1992 [1]. This re-
surgence has also been demonstrated in numerous countries 
throughout the world, leading to increased endemic outbreaks 
and elevated risk for travel-related infections [2]. This is due 
in large part to overall declining vaccination rates related to 
rising spread of vaccine safety misinformation coupled with 
concerns for vaccination failure [3–5]. Transmission in the 
general population within the United States has been primarily 
linked to failure to vaccinate rather than failure of the vaccine 

itself. Failure to vaccinate often leads to small unvaccinated sub-
groups, which can cause fluctuating herd immunity within the 
total population. It is not surprising that failure to vaccinate is a 
problem given that multiple international organizations such as 
the World Health Organization (WHO) and Strategic Advisory 
Group of Experts (SAGE) note vaccine hesitancy to be on the 
rise [6–8]. The Centers for Disease Control and Prevention 
(CDC) currently recommends a 2-dose measles, mumps, and 
rubella (MMR) vaccine beginning around 1  year of age. The 
MMR vaccine became widely available in 1963 with widespread 
infection rates before vaccine availability, so birth before 1957 is 
thought to provide presumptive immunity [9].

The increases in incidence of measles in the United States 
and globally are a serious public health concern due to the 
disease’s highly contagious droplet spread and potentially se-
vere complications. Typically, those affected by the disease will 
develop fever, rash, and upper respiratory infectious symptoms, 
but some develop severe respiratory and neurologic compli-
cations leading to death [9, 10]. Due to immune dysfunction, 
persons with HIV (PWH) who contract measles can present 
atypically and experience higher rates of measles-associated 
morbidity and mortality [11–13]. Furthermore, studies have 
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shown decreased immunogenicity of measles-containing vac-
cines among children and adults with HIV as well as waning 
seropositivity over time despite antiretroviral therapy (ART) 
[10, 14–16].

Given the highly infectious nature of measles, population im-
munity rates of at least 93%–95% are needed to achieve herd 
immunity [17]. Studies in the general population have demon-
strated immunity rates around 92% [18]. A  recent systematic  
review reported a measles seroprevalence of 92% among adoles-
cents and adults with HIV, but the US-based studies included in 
the review were either very small, published before combination 
ART (CART), or retrospective in nature (and thus included se-
rology data collected before CART), so little is known about cur-
rent seroprevalence rates among PWH in the United States [19].

With fluctuating herd immunity, variations in antibody de-
cline, and decreasing vaccination rates leading to increased in-
cidence of measles in the United States, PWH are at risk for 
contracting measles due to ongoing outbreaks. Given this as 
well as the potential for severe complications associated with 
measles infection in PWH, further studies are needed in this 
population. The goal of this study was to determine the current 
seroprevalence of and risk factors for measles seronegativity 
among PWH.

METHODS

Study Population

This was a cross-sectional study conducted at an academic 
HIV clinic in Omaha, Nebraska. All adult patients with HIV 
(≥19 years of age) presenting to the clinic from November 2019 
through January 2020 were invited to participate. Patients were 
eligible to participate if they were willing to undergo serologic 
testing at the time of their appointment or if they had previously 
been tested for measles immunity within the last 6 months.

Patient Consent Statement

This study was approved by the Institutional Review Board of 
the University of Nebraska Medical Center (IRB #556-19-EP). 
All participants provided written informed consent.

Data Collection

Participants who enrolled had serology collected at the time 
of their regularly scheduled clinic visit. Measles immunity was 
determined by use of a multiplex flow immunoassay to detect 
measles IgG. An antibody index level of ≤1.0 indicated no sig-
nificant level of detectable measles antibody and was considered 
seronegative. An antibody index of ≥1.1 was considered sero-
positive, which was concordant with manufacturer-established 
interpretive criteria.

Demographic (age, sex) and clinical information (body mass 
index [BMI], most recent HIV RNA and CD4 counts, CD4 
nadir, route of HIV transmission, history of opportunistic infec-
tions, history of malignancy, and history of immunosuppressant 

medications) was obtained through electronic medical record 
(EMR) review. Participants also completed a questionnaire at 
the time of their visit in order to document their country of or-
igin, race/ethnicity, and recall of prior measles vaccination and/
or infection. If available, immunization records were obtained 
through review of either the Nebraska or Iowa statewide im-
munization database as well as through EMR review. Study data 
were collected and managed using REDCap electronic data cap-
ture tools hosted at our facility.

Statistical Analysis

Simple (single-predictor) and multivariable logistic re-
gression models were used to identify risk factors among 
sociodemographic and clinical characteristics associated with 
the outcome measles seronegativity. All measures with simple 
logistic regression model P values <.20 were included in the 
multivariable model. Statistical analyses were completed using 
STATA, version 16.1 (College Station, TX, USA).

RESULTS

A total of 351 participants were enrolled in this study. The overall 
study population characteristics are shown in Table 1. The mean 
age (range) was 48 (20–74) years, with 12% born before 1957. 
Participants were 77% male and 53% Caucasian. The majority 
(81%) were born within the United States. The mean CD4 nadir 
(range) was 334 (1–1675) cells/mm3. At the time of testing, 86% 
and 87% of the seronegative and seropositive participants had an 
HIV RNA <50 copies/mL, respectively. The most common route 
of HIV transmission was via sex (52%), followed by unknown 
exposure (41%) and sharing needles/syringes (5%).

Overall, the measles seroprevalence rate in our study popula-
tion was low at 70.3%. Younger age was significantly associated 
with measles seronegativity (median age, 45 years seronegative 
vs 49 years seropositive; odds ratio [OR], 0.97; P = .003). There 
was a significantly lower proportion of participants born before 
1957 in the seronegative group (6% vs 15%; OR, 0.51; P = .021). 
However, there were only 43 total participants included in the 
study born before 1957, with 6 (14%) found to be seronegative. 
A  history of prior measles infection was also associated with 
seroprevalence, with 24% of the seropositive participants re-
porting prior infection compared with only 12% of the sero-
negative participants (P = .011). No other risk factors assessed 
including sex, race/ethnicity, body mass index, country of or-
igin, CD4 nadir <200, history of opportunistic infections, his-
tory of malignancy, route of HIV transmission, duration of 
HIV disease, and use of immunosuppressant medications were 
found to be associated with seronegativity. Patient recall of mea-
sles immunization was higher than the actual documentation of 
vaccination among both groups, but self-reported vaccination 
history was not associated with immunity (61% seronegative 
vs 64% seropositive; P = .408). Nearly one-third of participants 
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in each group denied any history of measles immunization at 
any time (30% in the seronegative group and 31% in the sero-
positive group), and the remainder did not know (10% vs 6%, 
respectively). Overall, written documentation of measles im-
munization was poor (Table 2). Following multivariable adjust-
ment, younger age was still trending toward, but was not quite 
a significant predictor of, seronegativity (OR, 0.98; P = .083) 
(Table 3). However, in a sensitivity analysis that also controlled 
for race, sex, and BMI, younger age was again a significant pre-
dictor of seronegativity (OR, 0.98; P = .040).

DISCUSSION

Our cross-sectional study of a large group of PWH demon-
strated a very low seroprevalence rate of 70.3%, which is much 

lower than the rates reported in most previously published 
studies, with the exception of 2 very small studies from 2008 
and 2011 that reported seroprevalence rates of 67.5% and 67% 
in 21 and 16 PWH, respectively [20, 21].

Measles remains one of the leading causes of vaccine-
preventable illnesses, with increasing resurgence seen worldwide 
[22]. Seroprevalence data can aid in measles eradication as they 
identify immunity gaps and allow for public health officials to 
target these gaps with additional efforts [23]. It should be noted, 
however, that seroprevalence studies are resource-intensive and 
difficult to make nationally representative. Several prevalence 
studies in the early 1990s reported measles seropositivity in 
adult PWH from 90% to 99% [16, 24–26]. The average age in 
these studies was 35 years, which is younger than the average 
age in our study, and there are some data to support waning 

Table 1.  Overall Patient Demographic and Clinical Characteristics

Characteristic n = 351, No. (%), Mean ± SD, or Mean (Range)

Age, y 48 (20–74)

Born before 1957 43 (12)

Sex Male 271 (77)

Female 80 (23)

Race/ethnicity Non-Hispanic White 185 (53)

Non-Hispanic Black 98 (28)

Other 68 (19)

Country of origin United States 283 (81)

Mexico 21 (6)

Other 47 (13)

Body mass index, kg/m2 Underweight (9–18) 5 (1)

Normal weight (19–24) 81 (23)

Overweight (25–29) 127 (36)

Obese (30–39) 114 (32)

Extremely obese (40–65) 24 (7)

HIV disease duration, y 14 ± 9

Most recent HIV RNA, copies/mL <50 303 (86)

50–199 16 (5)

≥200 32 (9)

Most recent CD4, cells/μL 0–199 16 (5)

≥200 335 (95)

CD4 nadir <200 226 (64)

History of opportunistic infections 74 (21) 

History of malignancy 13 (4)

History of immunosuppressant medications 20 (6)

Route of HIV transmission Sex 184 (52)

Sharing needles/syringes 18 (5)

Mother to child 4 (1)

Blood transfusions 1 (0)

Unknown 144 (41)

Written documentation of prior measles immunization 43 (13)

Verbal report of prior measles immunization 220 (63)

Prior measles infection  

 Documented 2 (1)

 Verbal only 69 (20)

 No history 273 (78)

 Unsure 7 (2)
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immunity over time, which is important to consider given an 
increasing prevalence of aging PWH [27]. Furthermore, in sev-
eral reports, participants who were born before 1957 made up 
a significant proportion of the study population (43%–66%), 
which could account for the overall higher seroprevalence seen 
[24–26]. A larger and more current study from New York City 
reported a measles seroprevalence rate of 85% but was limited 
by its retrospective design [28]. The authors reported on se-
rology collected between 1998 and 2011, so these results do not 
reflect current rates of immunity and thus do not account for 
waning immunity over time.

Both the CDC and state health departments recommend 
measles vaccination for PWH who do not have evidence of 
measles immunity or severe immunosuppression [9, 29]. 

Although the WHO recommendations support the adminis-
tration of an additional dose of measles-containing vaccines 
for children with HIV on ART following immune reconstitu-
tion, they do not recommend the routine administration of 
an additional dose of a measles-containing vaccine in adults 
with HIV. However, the data to support the WHO recom-
mendation in adults with HIV are based on a limited number 
of studies in both adolescents and adults from varying time 
periods from around the world that show no difference in 
seroprevalence rates among adolescents and adults with and 
without HIV [19]. Measles serology is not routinely collected 
in PWH, so knowing which patients are at risk for seroneg-
ativity and thus stand to benefit from vaccination could help 
providers apply the guidelines to their practices. Response 
to measles vaccination is not completely known in PWH, 
as outlined by Loevinsohn et  al. In 6 studies comprised of 
109 measles-seronegative patients, measles immunogenicity 
postvaccination ranged from 0% to 56%. The studies were 
dated from 1993 to 2016, with a trend toward higher im-
munogenicity rates in studies conducted after the introduc-
tion of combination ART [19]. Additionally, Fieberkohn and 
colleagues found that a third dose of MMR vaccine did not 
result in a significant improvement in seroprevalence in an 
HIV-negative population. Finally, although some data sug-
gest that waning immunity contributes to reduced vaccine 

Table 3.  Multiple Logistic Regression Model for Seronegativity 
(n = 344a)

P Value Odds Ratio (95% CI)

Age .083 0.98 (0.96–1.00)

History of malignancy .125 2.46 (0.78–7.80)

Documented measles immunization .318 1.40 (0.72–2.72)

Prior measles infection (documented or verbal) .127 0.57 (0.27–1.18)
aSeven persons who were “unsure” of prior measles infection were counted as missing 
and removed through listwise deletion; “Born before 1957” was not included in the 
multivariable model as “Age” is strongly correlated with this indicator variable.

Table 2.  Simple Logistic Regression Models for Seronegativity

Characteristic
Seronegative (n = 104), 
No. (%) or Mean ± SD

Seropositive (n = 247), 
No. (%) or Mean ± SD P Value

Odds Ratio 
(95% CI)

Age, y 45 ± 12 49 ± 12 .003 0.97 (0.95–0.99)

Born before 1957 6 (6) 37 (15) .021 0.35 (0.14–0.85)

Female sex 21 (20) 59 (24) .452 0.81 (0.46–1.41)

BMI >25 kg/m2 79 (76) 186 (75) .896 1.04 (0.61–1.77)

Race     

 Non-Hispanic White 61 (59) 124 (50) Ref. Ref.

 Non-Hispanic Black 23 (22) 75 (30) .098 0.62 (0.36–1.09)

 Other 20 (19) 48 (19) .591 0.85 (0.46–1.55)

Country of origin outside US 19 (18) 49 (20) .735 0.90 (0.50–1.63)

CD4 nadir <200 42 (40) 83 (34) .227 1.34 (0.83–2.15)

History of opportunistic infections 26 (25) 48 (19) .245 1.38 (0.80–2.38)

History of malignancy 6 (6) 7 (3) .193 2.10 (0.69–6.41)

Immunosuppressant medications 8 (8) 12 (5) .300 1.63 (0.65–4.12)

Duration of HIV, y 13 ± 9 14 ± 9 .546 0.99 (0.97–1.02)

HIV transmission viaa     

 Sex 56 (54) 128 (52) Ref. Ref.

 Needle/syringe sharing 5 (5) 13 (5) .815 0.88 (0.30–2.59)

 Mother to child 3 (3) 1 (0) .099 6.86 (0.70–67.59)

 Unknown 40 (38) 104 (42) .600 0.88 (0.54–1.42)

Documented measles immunization 19 (18) 27 (11) .066 1.82 (0.96–3.45)

Patient recall of measles immunization 63 (61) 157 (64) .598 0.88 (0.55–1.41)

Prior measles infection (documented 
or verbal)

12 (12) 59 (24) .011 0.42 (0.21–0.82)

Abbreviation: BMI, body mass index. 
aReceiving blood transfusion not included as only 1 patient reported that method.
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efficacy [30], most people with waning antibodies have an an-
amnestic response to repeat vaccination, which suggests on-
going immunity [31]. In summary, more data are needed to 
determine whether waning immunity in PWH is associated 
with increased susceptibility to infection and whether repeat 
vaccination in seronegative PWH would result in increased 
seroprevalence. As demonstrated in previous studies, we 
found younger age, particularly birth after 1957, to be associ-
ated with measles seronegativity [25, 26, 28]. It is important 
to note that not all persons born before 1957 demonstrated 
immunity, however. CDC guidelines currently report birth 
before 1957 as acceptable presumptive evidence of measles 
immunity, but our findings suggest that this may not hold 
true in all PWH given that 14% of patients born after 1957 
did not have immunity. Previously reported risk factors for 
seronegativity included history of oral hairy leukoplakia [25, 
26] and a longer duration of HIV diagnosis [28], but these 
risk factors were not reproducible in our study.

Although prior history of measles infection was associated 
with seropositivity, there was no correlation between written 
documentation of vaccination and immunity. Written docu-
mentation of measles immunization and patient recall of either 
infection or vaccination were poor in both the seropositive and 
seronegative groups. With poor reporting of vaccination status, 
it is difficult to determine if seronegative status relates to failure 
to vaccinate, vaccine failure, or waning immunity over time, 
which can limit risk factor analysis. There has been documented 
decline in measles antibodies postvaccination of about 3% per 
year in the general population, with 1 study noting variations 
of up to a 9.7% decline annually [27]. Vaccination failure is also 
an increasing concern, as HIV alone can be a cause of waning 
immunity postvaccination. Vaccination failure has been docu-
mented in children with HIV, leaving them more vulnerable 
as they age [32–34]. One study from Zambia compared HIV-
infected youth with non-HIV-infected youth and found that at 
least 25% of HIV-infected youth were seronegative, significantly 
more than only 8% in non-HIV-infected youth [34].

Further prospective, multicenter seroprevalence data would 
be beneficial as our study is limited to a single center in Omaha, 
Nebraska, and thus limits the generalizability to larger insti-
tutions or states with more diverse patient populations. Long-
term studies looking at response to re-vaccination and measles 
seroprevalence over time would also be beneficial.

In summary, with rising measles outbreaks year after year, 
identifying immunity gaps is now imperative to measles elim-
ination. Our study demonstrates a measles seroprevalence rate 
of 70.3%, which is remarkably lower than the rate reported in 
prior studies of both the general population and PWH (92%), 
and, more importantly, is significantly lower than the rate 
needed to maintain herd immunity (95%). With higher than ex-
pected seronegativity and absence of notable risk factors aside 
from age, it is difficult to predict which PWH would benefit 

from measles seroprevalence surveillance. Our findings thus 
support expanded measles immunity screening for all PWH 
who are at risk of measles exposure.

Acknowledgments
We thank the participants in this study. We would also like to thank Ann 

Fitzgerald, Christine Tran, Nikki Regan, and Kellie Rinehart for their signif-
icant contribution in assisting to enroll patients into this study.

Financial support. This work was supported by a Research Support 
Fund grant from Nebraska Medicine and the University of Nebraska 
Medical Center (MXH/99-925-1447).

Potential conflicts of interest. S.H.B.  reports research funding to her 
institution from Gilead Sciences. S.S. reports research grants to her institu-
tion from ViiV Healthcare. All other contributors have nothing to disclose. 
All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References
1. CDC. Measles cases and outbreaks 2020. Available at: https://www.cdc.gov/mea-

sles/cases-outbreaks.html. Accessed 12 March 2020.
2. Paules CI, Marston HD, Fauci AS. Measles in 2019—going backward. N Engl J 

Med 2019; 380:2185–7.
3. De  Serres  G, Markowski  F, Toth  E, et  al. Largest measles epidemic in North 

America in a decade—Quebec, Canada, 2011: contribution of susceptibility, ser-
endipity, and superspreading events. J Infect Dis 2012; 207:990–8.

4. Shibeshi ME, Masresha BG, Smit SB, et al. Measles resurgence in Southern Africa: 
challenges to measles elimination. Vaccine 2014; 32:1798–807.

5. Muscat M. Who gets measles in Europe? J Infect Dis 2011; 204(Suppl 1):S353–65.
6. Gastañaduy PA, Funk S, Lopman BA, et al. Factors associated with measles trans-

mission in the United States during the postelimination era. JAMA Pediatr 2020; 
174:56–62.

7. World Health Organization. Ten threats to global health in 2019. Available at: 
https://www.who.int/vietnam/news/feature-stories/detail/ten-threats-to-global-
health-in-2019. Accessed 22 November 2019.

8. World Health Organization. Meeting of the strategic advisory group of experts on 
immunization, Octover 2019: conclusions and recommendations 2019. Available 
at: http://www.who.int/wer. Accessed 22 November 2019.

9. Centers for Disease Control and Prevention. Routine measles, mumps, and ru-
bella vaccination 2019. Available at: https://www.cdc.gov/vaccines/vpd/mmr/
hcp/recommendations.html. Accessed 28 March 2019.

10. Krasinski K, Borkowsky W. Measles and measles immunity in children infected 
with human immunodeficiency virus. JAMA 1989; 261:2512–6.

11. Kaplan LJ, Daum RS, Smaron M, McCarthy CA. Severe measles in immunocom-
promised patients. JAMA 1992; 267:1237–41.

12. Markowitz LE, Chandler FW, Roldan EO, et al. Fatal measles pneumonia without 
rash in a child with AIDS. J Infect Dis 1988; 158:480–3.

13. Mustafa MM, Weitman SD, Winick NJ, et al. Subacute measles encephalitis in the 
young immunocompromised host: report of two cases diagnosed by polymerase 
chain reaction and treated with ribavirin and review of the literature. Clin Infect 
Dis 1993; 16:654–60.

14. Belaunzarán-Zamudio  PF, García-León  ML, Wong-Chew  RM, et  al. Early loss 
of measles antibodies after MMR vaccine among HIV-infected adults receiving 
HAART. Vaccine 2009; 27:7059–64.

15. Chaiwarith R, Praparattanapan J, Nuket K, et al. Seroprevalence of antibodies to 
measles, mumps, and rubella, and serologic responses after vaccination among 
human immunodeficiency virus (HIV)-1 infected adults in Northern Thailand. 
BMC Infect Dis 2016; 16:190.

16. Wallace MR, Hooper DG, Graves SJ, Malone JL. Measles seroprevalence and vac-
cine response in HIV-infected adults. Vaccine 1994; 12:1222–4.

17. Hethcote HW. Measles and rubella in the United States. Am J Epidemiol 1983; 
117:2–13.

18. Lebo EJ, Kruszon-Moran DM, Marin M, et al. Seroprevalence of measles, mumps, 
rubella and varicella antibodies in the United States population, 2009–2010. Open 
Forum Infect Dis 2015; 2:XXX–XX.

19. Loevinsohn  G, Rosman  L, Moss  WJ. Measles seroprevalence and vaccine re-
sponses in human immunodeficiency virus-infected adolescents and adults: a 
systematic review. Clin Infect Dis 2019; 69:836–44.

20. Choudhury SA, Hatcher F, Berthaud V, et al. Immunity to measles in pregnant 
mothers and in cord blood of their infants: impact of HIV status and mother’s 
place of birth. J Natl Med Assoc 2008; 100:1445–9.

https://www.cdc.gov/measles/cases-outbreaks.html
https://www.cdc.gov/measles/cases-outbreaks.html
https://www.who.int/vietnam/news/feature-stories/detail/ten-threats-to-global-health-in-2019
https://www.who.int/vietnam/news/feature-stories/detail/ten-threats-to-global-health-in-2019
http://www.who.int/wer
https://www.cdc.gov/vaccines/vpd/mmr/hcp/recommendations.html
https://www.cdc.gov/vaccines/vpd/mmr/hcp/recommendations.html


6 • ofid • Rearigh et al

21. Stermole BM, Grandits GA, Roediger MP, et al. Long-term safety and serologic 
response to measles, mumps, and rubella vaccination in HIV-1 infected adults. 
Vaccine 2011; 29:2874–80.

22. Patel MK, Antoni S, Nedelec Y, et al. The changing global epidemiology of mea-
sles, 2013–2018. J Infect Dis 2020; 222:1117–28.

23. Winter AK, Martinez ME, Cutts FT, et al. Benefits and challenges in using sero-
prevalence data to inform models for measles and rubella elimination. J Infect Dis 
2018; 218:355–64.

24. Sha BE, Harris AA, Benson CA, et al. Prevalence of measles antibodies in asymp-
tomatic human immunodeficiency virus-infected adults. J Infect Dis 1991; 
164:973–5.

25. Kemper CA, Zolopa AR, Hamilton JR, et al. Prevalence of measles antibodies in 
adults with HIV infection: possible risk factors of measles seronegativity. AIDS 
1992; 6:1321–5.

26. Kemper  CA, Gangar  M, Arias  G, et  al. The prevalence of measles antibody in 
human immunodeficiency virus-infected patients in Northern California. J Infect 
Dis 1998; 178:1177–80.

27. Seagle EE, Bednarczyk RA, Hill T, et al. Measles, mumps, and rubella antibody 
patterns of persistence and rate of decline following the second dose of the MMR 
vaccine. Vaccine 2018; 36:818–26.

28. Singh HK, Chiu YL, Wilkin T. Measles, mumps, and rubella serostatus and re-
sponse to MMR vaccination among HIV-infected adults. AIDS Patient Care 
STDS 2015; 29:461–4.

29. Nebraska Department of Health and Human Services. Measles outbreaks in the 
United States [Health Alert Network Advisory]. 2019. Available at: http://dhhs.
ne.gov/han%20Documents/ADVISORY05032019.pdf. Accessed 3 May 2019.

30. Bitzegeio  J, Majowicz  S, Matysiak-Klose  D, et  al. Estimating age-specific vac-
cine effectiveness using data from a large measles outbreak in Berlin, Germany, 
2014/15: evidence for waning immunity. Euro Surveill 2019; 24:1800529.

31. Centers for Disease Control and Prevention. Epidemiology and prevention of 
vaccine-preventable diseases. Measles. Available at: https://www.cdc.gov/vac-
cines/pubs/pinkbook/meas.html. Accessed 14 August 2020.

32. Moss WJ, Scott S, Mugala N, et al. Immunogenicity of standard-titer measles vac-
cine in HIV-1-infected and uninfected Zambian children: an observational study. 
J Infect Dis 2007; 196:347–55.

33. Helfand  RF, Witte  D, Fowlkes  A, et  al. Evaluation of the immune response to a 
2-dose measles vaccination schedule administered at 6 and 9 months of age to HIV-
infected and HIV-uninfected children in Malawi. J Infect Dis 2008; 198:1457–65.

34. Sutcliffe CG, Searle K, Matakala HK, et al. Measles and rubella seroprevalence among 
HIV-infected and uninfected Zambian youth. Pediatr Infect Dis J 2017; 36:301–6.

http://dhhs.ne.gov/han%20Documents/ADVISORY05032019.pdf
http://dhhs.ne.gov/han%20Documents/ADVISORY05032019.pdf
https://www.cdc.gov/vaccines/pubs/pinkbook/meas.html
https://www.cdc.gov/vaccines/pubs/pinkbook/meas.html

